Ice flow velocity is a vital parameter for estimating the ice mass balance of glaciers in Antarctica. Especially long time serial observation of the surface velocity is of great significance to assessing the relationship between Antarctic ice materials and global climate change. However, the existing research on Antarctic ice velocity based on remote sensing data since 1970s due to the harsh climate in Antarctica. This paper presents an ice flow velocity estimating method includes image pre-processing, geometric model reconstruction, image ortho-rectification and feature matching by using ARGON images token in 1963 and Landsat images collected form 1973 to 1989.Considering the temporal-spatial distributions of ARGON images and Landsat images in Antarctica, two different methods respectively based on ortho-photos pair and Non-Ortho photos are adopted in this paper. More specifically, when there exist two stereo pairs taken in different time in the glacier region, after being ortho-rectified, the stereo pairs can be used to calculate ice flow velocity based on feature matching method. Otherwise, a parallax decomposition method that separates the effect of the terrain relief from the ice flow motion is applied when there only exists one stereo pair with a certain time interval. With this method, glacier surface velocity is available in the glacier region lacked enough stereo pairs. The methods mentioned above for estimating ice flow velocity are applied in Totten, Amery and Fimbul, etc. in eastern Antarctica. Furthermore, a 1960-80s ice flow speed map in the main glaciers of East Antarctica is produced for the first time.
INTRODUCTION
Ice flow velocity and its variation is important feature of glaciers and is a vital parameter in assessing the balance of Antarctic ice sheets, which can use to study the ice flux and ice shelf stability of Antarctic glaciers (Rignot et al., 2011) . Moreover, the long time serial reconstruction of the ice flow field is helpful for the quantitative assessment and accurate prediction of sea level change caused by global climate change, which is critical to the study of the interaction between Antarctic ice sheets and global climate changing. There are two types' methods of Antarctic ice velocity monitoring: the ground survey method and the remote sensing method. The ground survey method is the earliest method that used in the Antarctica, which measures the ice flow velocity mainly through snow stakes and GPS (Mellor, 1964; Dorrer et al., 1969; Swithinbank, 1969) . The ground survey method using snow stakes and the GPS is the easiest way to measure the ice flow rate in the Antarctic, and long-term data is available through perennial measurements. Although this method is of high accuracy, ice flow measurement is constrained within small areas because of the harsh environment and the limited observation stations. Compared with field measurements, remote sensing method with high spatial resolution can carry out large-scale observation and measurement.
At present, there are two kinds of remote sensing methods for Antarctic ice flow velocity measurement, one is Interferometric Synthetic Aperture Radar (InSAR) technology (Goldstein et al., 1993) , the other is the optical remote sensing images based feature tracking technique (Scambos et al., 1992) . The InSAR method can use to probe the glacier flow velocity owing to its interference coherence characteristics. This method was adopted by Richard et al. for the first time to detect the velocity in Rutford glacier using SAR images with a sampling interval of several days, and reached the level of accuracy and the accuracy of the vertical 4mm 1.5mm, and reached a vertical accuracy of 1.5 mm and a horizontal accuracy of 4 mm (Goldstein et al., 1993 ). What's more, the entire Antarctic ice flow map for the period from 2007-2009 was first produced by Rignot et al. using a large amount of synthetic aperture radar (SAR) images. The optical remote sensing images based feature tracking technique refers to a way to determine the corresponding points between two accurate geographical located images taken in different time. Thus, the velocity of the whole glaciers can be generated by measuring the distance between these corresponding points. The mentioned matching method can speed up by using Fourier transform in frequency domain (Scambos et al., 1992) , or matching directly base on phase in the frequency domain (Reddy et al., 1996) . Liu et al. introduced the idea of photogrammetry into the measurement of ice flow velocity, established a pyramid and triangulation of glacier images, further improved the matching accuracy and proposed a set of ideas about the image processing and the elimination of mismatches (Liu et al., 2012) . The remote sensing method can effectively overcome the harsh environment of Antarctica and can carry out large-scale, longterm monitoring of the surface flow rate, but it is limited on high precision. Nevertheless, the remote sensing method mainly shows up in 1970s. Such as InSAR, compared to the optical satellite image, has high spatial resolution and could work around clock, but mainly shows up after 1990. Therefore, the time span of the existing data of ice flow rate is still relatively short, so it is very difficult to study and analysis the variation of the Antarctic ice shelves on a long time series. Another source of remote sensing data is the early satellite images recorded on films collected by the film-based satellites like ARGON. The declassification of Declassified Intelligence Satellite Photographs (DISP) includes CORONA, ARGON, LANYARD (Ruffer, 1995) made it possible to study the Antarctic ice shelves in 1960s. Compared to the recent images, those images are more difficult and challenging to deal with due to the poor data quality, large deformation, huge coverage and incomplete parameters, which create difficulties for the further research and application in Antarctica. The ARGON images as well as the recently remote sensing data (AVHRR, SPOT and SAR images) were used to detect the change of Antarctic ice flow over the past decades by Bindschadler, Vornberge (Bindschadler and Vornberge, 1998) and Jezek (Jezek et al., 1998) . Zhou et al. proposed the method of bundle adjustment based on the unknown internal orientation, external orientation and lens distortion parameters, subsequently geo-positioned of the ARGON image of Greenland and orthorectified the images of 1962 and 1963 respectively (Zhou et al., 2002) . Kim et al. used the method of spatial resection to geolocate the ARGON image of Queen Maud Land precisely, then discussed the difference in this ice shelf between the 1963 ARGON image the 1997 RADARSAT-1 image (Kim et al., 2001 ). Kim and Jezek et al. used the ARGON images covering 62 scenes of the Antarctica to produce a mosaic of the entire Antarctic and extracted the coastline (Kim et al., 2007) . Wang et al. used the control points acquired by WorldView images to geolocate the Argon images at the Larsen ice shelf in the Antarctic Peninsula and measured the ice flow velocity for 1960s to 1970s (Wang et al., 2016 ).
As mentioned above, no existing Antarctic ice velocity maps are derived based on ARGON images and Landsat images from 1960s to 1980s, although such information is significant for the study on the response of Antarctic ice sheet to global climate. Therefore, this study using parallax decomposition technique through rigorous geometric positioning based on the history of the satellite image data such as 1960s ARGON images and Landsat images from 1970s to 1980s to acquire the Antarctic ice velocity from 1960s to 1980s, which can extend the time span of Antarctic ice flow to 1960s.
THREE METHODS FOR ICE FLOW SPEED ESTIMATION

Parallax-Decomposition-Based Hierarchically Image Matching
Parallax-decomposition-based hierarchically image matching method is suitable for film-based stereo ARGON images in Antarctic. The quality of ARGON image is relatively low and the image has many distortions, including lens distortion, atmospheric refraction, and earth curvature. The pre-processing of ARGON image involves denosing and image enhancement. The noise of ARGON image contained random speckle noise result from the degradation of chemical substances on the longterm film. In addition, the noises also had aperiodic stripes and scratches introduced by long-term conservation, and Newton's rings emerged in the image caused during the scanning process (Lu et al., 2013) . Some denoising methods were implemented to eliminate these noises . Furthermore, mean smoothing filter and an adaptive histogram equalization were used to enhance the ARGON image.
A improved geometric modeling of ARGON images is employed to rebuild the interior orientation (IO) and exterior orientation (EO) information. The IO parameters are determined by using Semi-automatic Recognition of Fiducial marks and second-order polynomial projection. And the initial value of EO parameters can be estimated through the Lagrange polynomial interpolation. The accurate EO parameters of the stereo ARGON images were implemented via Bundle Adjustment with LPS software (Leica Photogrammetric Suite, ERDAS IMAGINE by Intergraph).Then, several accurate and well-distributed tie points were selected in Bundle adjustment process and used to get the epipolar images through fundamental matrix with random-sample consensus algorithm (Hartley and Zisserman, 2003) . The goal of epipolar image is to reduce search time in matching process. Considering the characteristics of different parallaxes for stereo images in two periods, the parallax decomposition was performed in ice flow field. After this process, the speed map and DTM were generated, respectively. The flow of processing includes hierarchically image matching through the top to the bottom level of the image pyramids, the matching process using normalized cross correlation (NCC) and triangulated irregular network (TIN) constraints, determination of the ice flow direction , parallax decomposition and estimation of the ice flow speed (Li et al., 2011; Li et al., 2016; Li et al., 2017) .
Grid-Based NCC Image Matching
Grid-Based NCC image matching is fit for visible image used to derive ice velocity, such as Landsat 4/5 stereo image pairs. Due to the early Landsat images were not ortho-rectified, they were orthorectified using the Toutin's model (Toutin, 2004) in the commercial software PCI, as shown in Figure 1 . The overall matching details involve generating grid point-pairs (shift the mesh if prior), searching the candidates correspondence within a search window based on NCC constraints, finding the correspondences and computing the motion vector. 
Feature and Grid-Based Image Matching with Constraints
Feature and Grid-Based image matching with constraints is appropriate for image used to derive ice velocity over a long period, such as ARGON and MSS stereo image pairs, MSS and TM stereo image pairs. The difficulty of this method is the selection of manually seed points. The key component of this method is the selection of manually seed points, which has three types: correspondences in crevasses, correspondences with the direction perpendicular to that of shearing stress and correspondences in longitudinal linear surface structures. A
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W7, 2017 ISPRS Geospatial Week 2017, 18-22 September 2017, Wuhan, China crevasses is a deep crack, found in an ice shelf or glacier, which is associated with shear stress generated. The correspondences should be selected on both sides of the crevasses, which could improve the accuracy of the correspondences. The ice-shelf front is generated owing to relatively fast at the bottom. And the selection of these correspondences should be in the middle of the edge or at each end of the ice-shelf front. The most difficult correspondences are in the longitudinal linear surface structures. Due to the direction is the same as the ice flow direction, they should be selected in broken or distinct texture in the longitudinal linear surface structures with the absence of reference. These three types of manually seed points selection and measurement are shown in Figure 2 . This matching method was carried out as described in the framework in Figure 3 . Firstly, the preprocessing of the stereo ortho-images reduced noise and enhanced the ice flow surface texture using histogram equalization and Wallis filter. Secondly, the feature points extraction were detected by the Shi-Tomasi corner detector (Shi, 1994) . And these correspondence candidates including manually seed points were matched by the NCC technique and TIN constraints. Finally, a dense matching step was performed by using NCC matching technique to build a speed map. 
DATA AND EXPERIMENTS
The Antarctic ice sheet was drained by systems including an area of slow sheet flow that converged into some relatively fast valley glacier or some special ice stream (Stephenson and Bindschadler, 1994) . On arriving at the coast, these ice flowed to ice shelf limited by embayment and ice rise or calved off into the ocean. We used five types of stereo images as follows: (1) ARGON stereo images pairs from 1963, (2) ARGON and Landsat stereo image pairs from 1963 to 1970s, (3) Landsat stereo images pairs from 1970s, (4) Landsat stereo image pairs from 1970s to 1980s, (5) Landsat stereo image pairs from 1980s. The above-mentioned three methods were performed for these images. After the image matching was implemented, the speed map was generated in East Antarctica (Figure 4 ). For each glacier region, a certain amount of check points were randomly selected to certify the quality of matching results using manually points. Further work will focus on the analysis of surface ice velocity changes (mass balance changes) as well as the interaction with the oceans and ice-sheets.
